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(57) This print system comprises a characteristic 
storage section (24) to store the characteristic data pe- 
culiar to the engine, a CPU (25) to calculate, based on 
the characteristic data, the correction data for a certain 
clock counts after detection of the horizontal sync signal 
and the correction data for every time a certain time 
elapsed after that, a modulation data storage section 
(231) to receive and store the correction data, a quartz 
oscillator (22) to generate the basic clock, a timer (233) 
to monitor the time, a counter (234) to count the sync 
clock pulses, a modulation control section (232) which 
refers to the correction data upon receipt of the horizon- 
tal sync signal, determines the modulation timing ac- 
cording to the timer (233) or the counter (234) and pro- 
vides modulation instruction to a clock generator for 
every modulation timing and the clock generator (235) 
to supply the sync clock obtained by modulation of the 
basic clock to the controller. 
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Description 

[0001] The present invention relates to an image data 
sending method and a print device for a print system 
and particularly relates to an image data sending meth- 
od and a print device of a print system provided with a 
print control device which sends the image data syn- 
chronizing with the sync clock to a print device and a 
print device which execute print processing based on 
the above image data. 

[0002] Figs. 1 0 and 1 1 show a conventional example 
of a print system provided with a print control device for 
generation and processing of image data or other print 
information and a print device for print processing based 
on the above image data. 

[0003] Fig. 10 is a block diagram illustrating the con- 
figuration of a conventional print system and the print 
system comprises a controller 1 A, which is a print con- 
troller and an engine 2A, which is a print device. In this 
configuration, the print data (Code data s image data 
etc.) received from external devices such as a host com- 
puter is developed to the bit map data by an image data 
edit section 1 1 and stored to an image data memory 1 2. 
Then, a CPU 13 sends the print request signal to the 
engine 2A and, with reference to the horizontal sync sig- 
nal and vertical sync signal supplied from the engine 2A, 
outputs the image data from an image data sync circuit 
14 to the engine 2 A synchronizing with a certain sync 
clock held by the controller 1A. At that time, the sync 
clock, which is the basic clock from a quartz oscillator 
22 as it is, is sent to the image data sync circuit 14 and 
the image data sync circuit 1 4 generates the image data 
transfer signal for every two sync clock counts and 
sends the image data to the engine 2A for every two 
sync clock counts as shown in Fig. 6 (A), for example. 
[0004] In the engine 2A, the image data from the im- 
age data sync circuit 14 is received by a laser unit 21 A 
and then subject to print processing after processes by 
various sections of the engine 2A such as a photo-sen- 
sitive drum, a developing section, a transfer section, a 
fixing section, a cleaning section and a paper feeding 
section (not shown in Fig. 10). 
[0005] Fig. 11 is a diagram showing the configuration 
of a laser unit in the conventional print system. In the 
figure, the laser beam projected from a laser 211 Is re- 
flected by a polygon mirror 21 2 rotated by a polygon mo- 
tor 21 3A. The horizontal sync signal is obtained by an 
HSYNC sensor (Horizontal synchronization sensor) 
215, and the image data projected through an f-theta 
lens 21 4 is applied to a photo-sensitive drum 27 so that 
an image is formed. Note that the f-theta lens 214 is an 
imaging lens which changes the isometric speed devi- 
ation to the constant velocity scanning on the photo-sen- 
sitive drum 27 so that the circular scanning light from 
the polygon mirror 21 2 focuses on a straight line on the 
photo-sensitive drum 27. 

[0006] In the conventional print system as described 
above, the image data sent from the controller is printed 



without any processing after receiving by the engine. 
Further, the laser unit of the engine is provided with a 
polygon mirror and a lens so that the image data is 
formed to an image on the surface of the photo-sensitive 

5 drum with passing through these devices. Therefore, 
characteristics of the polygon mirror and lens with some 
precision errors or the like caused in manufacturing 
processes may lead to an inconstant laser beam veloc- 
ity on the photo-sensitive drum, resulting in some shift 

10 in the image position formed on the photo-sensitive 
drum. 

[0007] With referring to Fig. 6 (A), the image data sent 
from the controller has equal intervals of two sync clock 
counts, but the image on the photo-sensitive drum is 

15 shifted. For example, the image on the photo-sensitive 
drum corresponding to the second image data from the 
left is slightly shifted to the right when compared with 
the normal position on the same horizontal line on the 
photo-sensitive drum. This results from a higher speed 

20 of the laser beam at that section on the photo-sensitive 
drum caused by errors in the laser unit characteristics. 
[0008] Thus, the conventional print system has a 
drawback that it cannot correct shifting of the image po- 
sition caused by errors in characteristics of the laser unit 

25 or the engine. 

[0009] An object of the present invention is to solve 
the above problem and to provide an image data send- 
ing method and a print device for a print system which 
does not cause image position shifting even when a dif- 

30 ferent type of engine is used. 

[0010] According to the first aspect of the invention, a 
print system having a print control device to send the 
image data in synchronization with the sync clock and 
a print device for print processing based on the image 

35 data sent from the print control device comprises 

means to generate a sync clock for sending of the 
image data on the print device by modulation under 
the characteristic conditions peculiar to the print de- 
40 vice, and 

means to adjust the timing of the image data send- 
ing so as to correct the characteristic errors peculiar 
to the print device by supplying the generated sync 
clock to the print control device. 

45 

[0011] According to the second aspect of the inven- 
tion, a print system having a print control device to send 
the image data in synchronization with the sync clock 
and a print device for print processing based on the im- 
50 age data sent from the print control device comprises 

means to measure in advance and store the char- 
acteristic data peculiar to the print device which may 
affect the print intervals in the print processing, 
55 means to calculate the correction data for every cer- 
tain period of time based on the characteristic data, 
means to generate the sync clock modulated by the 
correction data for every the certain period of time 
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on the print device and supply the same to the print 
control device, and 

means in the print control device to send the image 
data to the print device synchronizing with the sync 
clock supplied from the print device and thereby to s 
adjust the image data to have equal print intervals 
with controlling the send timing of the image data 
for every the certain period of time. 

[001 2] In the preferred construction, the modulation is 10 
the frequency modulation which makes variable control 
of the frequency for every the certain period of time. 
[001 3] According to the third aspect of the invention, 
a print system having a print control device to send the 
image data in synchronization with the sync clock and * 5 
a print device tor print processing based on the image 
data sent from the print control device comprises 

mcrins lo measure in advance and store the char- 
acter m>\k data peculiarto the print device which may 2° 
affect tnc print start position of each line and print 
intcrvas in the print processing, 
means to calculate, based on the characteristic da- 
ta, first correction data for the predetermined sync 
clock counts immediately after detection of the hor- 25 
izonial sync signal and second correction data for 
every certain period of time after the first correction 
data. 

means to generate the modulation sync clock cor- 
responding to the predetermined sync clock counts so 
by the first correction data and the modulation sync 
clock for every the certain period of time by the sec- 
ond correction data on the print device and supply 
the same to the print control device, and 
means in the print control device to send the image 35 
data to the print device synchronizing with the mod- 
ulation sync clock supplied from the print device and 
thereby to control the send timing of the image data 
for aligning the print start position of the lines in the 
image data and to adjust the print intervals of the *o 
image data equal. 

[0014] In the preferred construction, the modulation is 
the frequency modulation which makes variable control 
of the frequency for every the certain clock counts and ^ 
the certain period of time. 

[0015] According to the fourth aspect of the invention, 
a print system having a print control device to send the 
image data in synchronization with the sync clock and 
a print device for print processing based on the image so 
data sent from the print control device wherein 

the print device comprises 

an oscillator to output the basic clock, 

a storage section to store the characteristic data of 55 

the device, 

a CPU to set the modulation condition based on the 
characteristic data of the storage section, and 



a modulation circuit which, upon instruction from the 
CPU for condition of the modulation, modulates the 
basic clock output from the oscillator and supplies 
the same as the sync clock to the print control de- 
vice and 

the print control device comprises 
an image data sync circuit which sends the image 
data to the print device synchronizing with the sync 
clock supplied from the print device. 

[0016] According to another aspect of the invention, 
a print system having a print control device to send the 
image data in synchronization with the sync clock and 
a print device for print processing based on the image 
data sent from the print control device wherein 

the print device comprises 
a characteristic storage section storing in advance 
the characteristic data peculiar to the print device 
which may affect the print start position of each line 
and print intervals in the print processing, 
a CPU which, based on the characteristic data, cal- 
culates first correction data for the predetermined 
sync clock counts immediately after detection of the 
horizontal sync signal and second correction data 
for every certain period of time after the first correc- 
tion data, 

a modulation data storage section which receives 
and stores the first and second correction data cal- 
culated by the CPU, 
an oscillator to output the basic clock, 
a timer to monitor the elapse of the certain period 
of time, 

a counter which counts the number of sync clock 
pulses sent from the clock generator, 
a modulation control section which, upon receipt of 
the horizontal sync signal, refers to the first and sec- 
ond correction data from the modulation data stor- 
age section, determines the modulation timing ac- 
cording to the timer or the counter and specifies the 
modulation frequency to the clock generator for 
every timing of the modulation for modulation in- 
struction, and 

a clock generator which, upon receipt of modulation 
instruction from the modulation control section, 
modulates the basic clock sent from the oscillator 
and supplies the same as the sync clock to the im- 
age data sync circuit of the print control device and 
the print control device comprises 
an image data edit section which develops the print 
data received from external device into image data, 
a memory to store the image data, 
a control section which sends the print request sig- 
nal to the print device and instructs the image data 
sync circuit to send the image data stored in the 
memory to the print device, and 
an image data sync circuit which sends the image 
data to the print device synchronizing with the sync 
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clock supplied from the print device. 

[0017] According to another aspect of the invention, 
a print device in a print system having a print control 
device to send the image data to the print device in syn- 
chronization with the sync clock and the print device for 
print processing based on the image data sent from the 
print control device comprises 

an oscillator to output the basic clock, 
a storage section to store the characteristic data of 
the device, 

a CPU to set the modulation condition based on the 
characteristic data in the storage section, and 
a modulation circuit which, upon instruction from the 
CPU for condition of the modulation, modulates the 
basic clock output from the oscillator and supplies 
the same as the sync clock to the print control de- 
vice. 

[0018] According to another aspect of the invention, 
a print device in a print system having a print control 
device to send the image data to the print device in syn- 
chronization with the sync clock and the print device for 
print processing based on the image data sent from the 
print control device comprises 

a characteristic storage section storing in advance 
the characteristic data peculiar to the print device 
which may affect the print start position of each line 
and print intervals in the print processing, 
a CPU which, based on the characteristic data, cal- 
culates first correction data for the predetermined 
sync clock counts immediately after detection of the 
horizontal sync signal and second correction data 
for every certain period of time after the first correc- 
tion data, 

a modulation data storage section which receives 
and stores the first and second correction data cal- 
culated by the CPU, 
an oscillator to output the basic clock, 
a timer to monitor the elapse of the certain period 
of time, 

a counter which counts the number of sync clock 
pulses sent from the clock generator, 
a modulation control section which, upon receipt of 
the horizontal sync signal, refers to the first and sec- 
ond correction data from the modulation data stor- 
age section, determines the modulation timing ac- 
cording to the timer or the counter and specifies the 
modulation frequency to the clock generator for 
every timing of the modulation for modulation in- 
struction, and 

a clock generator which, upon receipt of modulation 
instruction from the modulation control section, 
modulates the basic clock sent from the oscillator 
and supplies the same as the sync clock to the print 
control device. 



[0019] According to another aspect of the invention, 
an image data sending method used in a print system 
having a print control device to send the image data to 
a print device in synchronization with the sync clock and 
5 a print device for print processing based on the image 
data sent from the print control device wherein 

the sync clock for sending of the image data is mod- 
ulated by the characteristic condition peculiar to the 
10 print device and generated by the print device and, 
by supplying the sync clock to the print control de- 
vice, the timing of the image data sending is cor- 
rected using errors in characteristics peculiar to the 
print device. 

15 According to another aspect of the invention, an im- 
age data sending method used in a print system 
having a print control device to send the image data 
to a print device in synchronization with the sync 
clock and a print device for print processing based 

20 on the image data sent from the print control device 
wherein 



characteristic data peculiar to the print device 
which may affect the print intervals in the print process- 
es ing are measured in advance and stored, correction da- 
ta for every certain period of time based on the charac- 
teristic data is calculated, sync clock modulated for eve- 
ry the certain period of time according to the correction 
data is generated by the print device and supplied to the 
30 print control device, and the print control device sends 
the image data to the print device synchronizing with the 
sync clock supplied from the print device and thereby 
controls the send timing of the image data for every the 
certain period of time so as to adjust the image data to 
35 have equal intervals. 

[0020] In the preferred construction, the modulation is 
the frequency modulation which makes variable control 
of the frequency for every the certain period of time. 
[0021] According to a further aspect of the invention, 
40 an image data sending method used in a print system 
having a print control device to send the image data to 
a print device in synchronization with the sync clock and 
a print device for print processing based on the image 
data sent from the print control device wherein 
45 characteristic data peculiar to the print device 
which may affect the print start position of each line and 
print intervals in the print processing are measured in 
advance and stored and, based on the characteristic da- 
ta, first correction data for the predetermined sync clock 
so counts immediately after detection of the horizontal sync 
signal and second correction data for every certain pe- 
riod of time after the first correction data are calculated, 
the modulation sync clock corresponding to the prede- 
termined sync clock counts according to the first correc- 
55 tion data and the modulation sync clock for every the 
certain period of time according to the second correction 
data are generated by the print device and supplied to 
the print control device, and the print control device 
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sends the image data to the print device synchronizing 
with the modulation sync clock supplied from the print 
device and thereby controls the send timing of the Image 
data so as to align the print start position for each line 
of the image data and adjusts the image data to have 
equal print intervals. 

[0022] In the preferred construction, the modulation is 
the frequency modulation which makes variable control 
of the frequency for every the certain clock counts or the 
certain period of time. 

[0023] Other objects, features and advantages of the 
present invention will become clear from the detailed de- 
scription given herebelow. 

[0024] The present invention will be understood more 
fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred em- 
bodiment of the invention, which, however, should not 
be taken to be limitative to the invention, but are for ex- 
planation and understanding only. 
[0025] In the drawings: 

Fig. 1 is a block diagram showing the configuration 
of a print system according to the present invention; 
Fig. 2 is a diagram showing the configuration when 
the characteristic data are taken for the laser unit in 
the print system according to the present invention; 
Fig. 3 is a block diagram showing an example of the 
configuration of the modulation section in the print 
system according to the present invention; 
Fig. 4 is a time chart of the signals during charac- 
teristic data measurement of Fig. 2; 
Fig. 5 is a time chart of the signals related to the first 
face of the polygon mirror during characteristic data 
measurement of Fig. 2; 

Fig. 6 is a diagram showing the relation between 
the image data output using sync clock and the im- 
age position on the photo-sensitive drum; 
Fig. 7 is a diagram showing the relation between 
the image data output using the modulation clock 
and the image position on the photo-sensitive drum; 
Fig. 8 is a diagram showing the relation between 
the image data output using the modulation clock 
and the print start position for each face of the mir- 
ror; 

Fig. 9 is a block diagram showing the configuration 
when a single engine is provided with several laser 
units; 

Fig. 1 0 is a block diagram showing the configuration 
of a conventional print system; and 
Fig. 11 is a diagram showing the configuration of a 
laser unit in a conventional print system. 

[0026] The preferred embodiment of the present in- 
vention will be discussed hereinafter in detail with refer- 
ence to the accompanying drawings. In the following de- 
scription, numerous specific details are setforth in order 
to provide a thorough understanding of the present in- 
vention. It will be obvious, however, to those skilled in 



the art that the present invention may be practiced with- 
out these specific details. In other instance, well-known 
structures are not shown in detail in order to unneces- 
sary obscure the present invention. 

5 [0027] Rg. 1 is a block diagram showing the configu- 
ration of a print system according to the present inven- 
tion, which comprises a controller 1 as a print control 
device and an engine 2 as a print device. An image data 
edit section 11 , an image data memory 12, a CPU 13, 

10 an image data sync circuit 14 of the controller 1 and a 
sync circuit 26 of the engine 2 are the same as those in 
the description about the prior art referring to Fig. 11, 
and explanation about them is omitted here to avoid re- 
dundancy. 

15 [0028] Referring to Fig. 1 , the engine 2 in the present 
invention comprises a quartz oscillator 22 to supply the 
basic clock to a modulation section 23, the modulation 
section 23 to output the sync clock for image data out- 
put, a characteristic storage section 24 to store the char- 
ge acteristic data of a laser unit 21 mounted to the engine 
2, and a CPU 25 to which the characteristic data for 
modulation is input from the characteristic storage sec- 
tion 24 and which sets the modulation conditions to the 
modulation section 23. Thus, the system is configured 
25 so that the timing for image data sending from the con- 
troller 1 to the engine 2 is determined by the sync clock 
modulated and generated by the engine 2. 
[0029] Fig. 2 is a diagram showing the configuration 
for measuring the characteristic data of the laser unit in 
30 the print system according to the present invention. A 
laser 211 , a polygon mirror 212, an f-theta lens 214 and 
an HSYNC sensor (Horizontal sync) 215 are the same 
as those in the description about the prior art referring 
to Fig. 11 and explanation about them is omitted hereto 
35 avoid redundancy. 

[0030] Referring to Fig. 2, a polygon motor with axis 
position sensor 213 is a conventional polygon motor 
21 3A of Fig. 11 having an axis position sensor added. 
With this axis position sensor, the polygon motor with 
40 axis position sensor 21 3 detects the faces of the polygon 
mirror 212 and outputs the axis position sensor signal 
to the modulation section 23. In addition, a sensor plate 
3 is placed at the position of the photo-sensitive drum 
27. The sensor plate 3 is provided with n pieces of op- 
45 tlcal sensors 31 to 3n with equal intervals. The sensor 
plate 3 is used for advance measurement of the char- 
acteristic data only. The optical sensor 31 is positioned 
corresponding to the print start position on the photo- 
sensitive drum and the optical sensor 3n corresponding 
50 to the print end position. 

[0031] Next, referring to Figs. 1 to 9, the operation in 
an embodiment of the present invention will be de- 
scribed in details below. 

[0032] Firstly, acquisition of the characteristic data of 
55 the laser unit 21 to modulate the sync clock at the mod- 
ulation section 23 of Fig. 1 is described. Referring to Fig. 
2, the sensor plate 3 is provided with n pieces of optical 
sensors (31 to 3n) with equal intervals. In addition, the 
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polygon motor with axis position sensor 213 is provided 
with a sensor which can detect the axis position. The 
signal obtained from measurement in Fig. 2 is described 
here. Note that, in the characteristic data measurement 
for the laser unit 21 here, the modulation section 23 does 
not execute any modulation because the characteristic 
storage section 24 of Fig. 1 does not have any charac- 
teristic data yet, and the sync clock without modulation 
as in conventional systems is supplied to the image data 
sync circuit 14. 

[0033] Fig. 4 is a time chart of signals for characteris- 
tic data measurement of Fig. 2. Using the axis position 
sensor of the polygon motor with axis position sensor 
21 3. it is possible to detect which one of the four faces 
ol the polygon mirror 212 (supposed to have four faces 
in this description) has reflected a certain image data. 
The optical sensor signals 31 S to 3nS are output signals 
of the optical sensors 31 to 3n respectively. Supposing 
that ihc first HSYNC signal (horizontal sync signal) 
HSYNC 41 dftcr the polygon motor axis position sensor 
signal is the signal from the first face of the polygon mir- 
ror, T411 . T412 T4ln can be measured with refer- 
ence to this HSYNC 41. 

[0034) Here T411 is the time elapsed after the 
HSYNC 41 as the HSYNC signal is detected by the 
HSYNC sonsor 215 until the optical sensor 31 detects 
the laser beam and outputs the optical sensor signal 
31 S. T412 is the time from the detection of HSYNC 41 
to the output of the optical sensor signal 32S by the op- 
tical sensor 32. Similarly, the second HSYNC signal 
(horizontal sync signal) HSYNC 42 after the polygon 
motor axis position sensor signal is supposed to be the 
signal of the second face of the polygon mirror. T421 
shows the time after detection of HSYNC 42 until output 
of the optical sensor signal 31 S by the optical sensor 
31 . T431 to T43n and T441 to T44n are also measured 
corresponding to HSYNC 43 (signal of the third face of 
the polygon mirror) and HSYNC 44 (signal of the fourth 
face of the polygon mirror). These measurement values 
are stored in the characteristic storage section 24 and 
used for sync clock modulation by the modulation sec- 
tion 23 later. 

[0035] Fig. 5 is a time chart of the signals related to 
the first face of the polygon mirror during characteristic 
data measurement of Fig. 2. Among four faces of the 
polygon mirror measured in Fig. 4, the first face is de- 
scribed in details. Each of the times T411 to T41n is 
counted and measured by the basic clock. 
[0036] Examining here the characteristics of the first 
face mirror. The optical sensor signals 31 S to 3nS as 
the output signals from the optical sensors 31 to 3n laid 
out with equal intervals should be separated by equal 
intervals. Specifically, it is ideal to have (T41 2 - T411 ) = 
(T413 - T412) = ... = (T41n - T41(n-1)). In the reality, 
however, manufacturing errors or the like in the polygon 
mirror 212 and the f-theta lens 214 result in that (T412 
- T41 1 ) is not equal to (T41 3 - T41 2) as shown in Fig. 5. 
[0037] If the image data is output with equal intervals 



under such situation, as in Fig. 6(A) showing the relation 
between the image data output by the sync clock without 
modulation and the image position on the photo-sensi- 
tive drum, the position of the print data (image to be 
s printed on the photo-sensitive drum) is shifted in the 
print result. Thus, the basic clock is modulated on the 
engine 2 corresponding to the characteristic of the en- 
gine 2 to generate the sync clock so that the controller 
1 outputs the image data in synchronization with this 
10 modulation clock which controls the output timing of the 
image data. By doing so, the system can achieve the 
print result with equal intervals free from any print posi- 
tion shifting as shown in Fig. 6 (B), which is a diagram 
showing the relation between the image data output us- 
15 ing the modulated sync clock and the image position on 
the photo-sensitive drum. Note that, in Fig. 6, the axis 
of abscissa indicates the time for the sync clock and the 
Image data but the axis of abscissa Indicates the dis- 
tance for the print data (printed image on the photo-sen- 
20 sitive drum). 

[0038] Then, referring to Fig. 5, the basic clock and 
the modulation clock (modulated sync clock) will be de- 
scribed specifically. As described above, suppose that 
the optical sensor 31 and the optical sensor 32 are sep- 
25 arated by the same distance as that between the optical 
sensor 32 and the optical sensor 33, and that such dis- 
tance corresponds to three clock counts of theoretical 
basic clock. Further suppose that, according to the re- 
sults of actual measurement by Fig. 2, the optical sensor 
30 31 and the optical sensor 32 are separated by two clock 
counts and the optical sensor 32 and the optical sensor 
33 are separated by four clock counts. This means that, 
from manufacturing errors or the like of the polygon mir- 
ror 212, the f-theta lens 214 etc., the laser beam speed 
35 is 3/2 times the reference between the optical sensor 31 
and the optical sensor 32 and the laser beam speed is 
3/4 times the reference between the optical sensor 32 
and the optical sensor 33. If they are kept as they are, 
even when the controller 1 sends the image data to the 
40 engine 2 with the same time intervals, the actually print- 
ed image will be shifted. 

[0039] Supposing that the basic clock is f(Hz), these 
clocks can be modulated by f+2x3 (Hz) and f+4x3 (Hz) 
respectively. In practice, the HSYNC signal 41 is used 
45 as the reference and the time until T411 Is not subject 
to modulation. The clock Is modulated to (3/2) f (Hz) for 
the time from T411 to T412 and to (3/4) f (Hz) for the 
time from T412 toT413. Similar modulation is executed 
up to T41 n so that the print result for one line can be 
so provided with equal intervals. In the same way, the data 
for the second face, the third face and the fourth face of 
the polygon mirror are modulated. 
[0040] Depending on the characteristics of the faces 
on the polygon mirror 212, T41 1 , T421 , T431 and T441 
55 in the above description for Fig. 4 may be different. In 
the event of such case, as shown in Fig. 7, which shows 
the relation between the image data output using the 
modulation clock and the image position on the photo- 
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sensitive drum, the image writing start position (print 
start position) differs among lines and the print result has 
a serrate edge. To correct such edge, modulation is now 
made among T411, T421, T431 and T441. Note that, 
however, this method can be used only when the con- 
troller 1 sets the print start position by the count of sync 
clock from the HSYNC signal. The method of modula- 
tion is the same as that for modulation of a certain time 
period described above. 

[0041 ] Fig. 7 is a time chart when the modulation clock 
is output for each face of the polygon mirror 21 2 so that 
all of (T41 2 - T411 ), (T41 3 - T41 2), .. (T41 n - T41 (n-1 )), 

(T422 - T421), (T423 - T422) (T42n - T42 (n-1)), 

(T432 - T431), (T433 - T432) .... (T43n - T43 (n-1)), 
(T442 - T441), (T443 - T442), .... (T44n - (T44 (n-1)) in 
Fig. 4 have the same time interval. 
[0042] Here, the modulation condition (modulation 
frequency) is set, as in the description about Fig. 5 
above, using the time corresponding to three basic clock 
counts as the reference interval for the optical sensors 
31 to 3n as a unit. The frequency f (Hz) of the basic clock 
is, for the modulation clock C1 corresponding to the first 
face mirror, modulated to the frequency f1 (Hz) calcu- 
lated by the ratio between the measured basic clock 
counts for (T41 2 - T41 1 ) and three basic clock counts. 
Similarly, the basic clock frequency f (Hz) is modulated 
to the frequency f2 (Hz) corresponding to (T41 3 - T41 2) 
and to the frequency f3 (Hz) corresponding to (T414 - 
T413). In Fig. 7, the modulation clocks C1 to C4 are 
shown as the same clock pulse, but the characteristics 
of each face on the mirror may be different in the reality. 
In such case, the modulation is made similarly using the 
modulation clock C2 for the second face mirror, the mod- 
ulation clock C3 for the third face mirror and the modu- 
lation clock C4 for the fourth face mirror. 
[0043] By thus modulating the sync clock, the image 
position shifting can be prevented for the second and 
subsequent image data for each of the lines correspond- 
ing to each of the faces on the mirror. However, the print 
position of the first image data for each mirror or the ac- 
tual print start position of each line may be serrate when 
compared with the normal print start position as in Fig. 
7 depending on the characteristics of the faces on the 
polygon mirror 212. 

[0044] Fig. 8 is a diagram showing the relation be- 
tween the image data output using the modulation clock 
and the print start position for each face of the mirror 
indicates the result after arranging the serrate edge 
straightly using the modulation clock. The print start po- 
sition can be made straight by changing, with reference 
to the fall of the HSYNC signal, the clock until the print 
start position. Specifically, the frequency of the modula- 
tion clock C1 for the first face mirror is changed to f01 
(Hz), the frequency of the modulation clock C2 for the 
second face mirror to f02 (Hz) and the frequency of the 
modulation clock C3 for the third face mirror to f03 (Hz) 
and the frequency of the modulation clock C4 for the 
fourth face mirror to f04 (Hz). The modulation frequency 



can be determined in the same way as that for modula- 
tion of f (Hz) to f1 (Hz) or the like as described above. 
[0045] In other words, in Fig. 2, the time from the fall 
of the HSYNC signal to the optical sensor 31 (print start 
5 position) is measured for the faces of the polygon mirror 
212 and, these times are compared with the reference 
time (described as the time corresponding to five basic 
clock counts here). The modulation time is the period 
from the fall of the HSYNC signal to the clock counts set 
fo by the controller 1 (for example, until five basic clock 
counts here). Therefore, f01 , f02, f03 or f04 correspond- 
ing to the faces for which the measured times are the 
same as the reference time is equal to the basic clock 
f. In Fig. 8, f01 and f03 are such cases, for example. 
15 Note that this method is effective for a system in which 
the controller 1 counts (for five clock counts here) the 
sync clock (modulation clock ) with reference to the 
HSYNC signal so as to set the print start position. 
[0046] Fig. 9 is a block diagram showing the configu- 
re ration when a single engine is provided with several la- 
ser units. This is an example of a print device having 
four laser units 21a, 21b, 21c and 21 d placed side by 
side. Also in this case, similarly to the configuration with 
a single laser unit, a system to output the modulation 
25 clock corresponding to each f-theta lens and each pol- 
ygon mirror on the engine 1 achieves a better image 
quality of the print results. 

[0047] Next, the modulation operation is described in 
details with referring to Fig. 3. Fig. 3 is a block diagram 

30 showing an example of the configuration for the modu- 
lation section in the print system according to the 
present invention. The modulation section 23 comprises 
a modulation data storage section 231 which receives 
and stores the frequency setting data and the frequency 

35 change timing set by the CPU 25, a modulation control 
section 232 which instructs modulation to a clock gen- 
erator 235, a timer 233, a counter 234 which counts the 
number of sync clock pulses sent from the clock gener- 
ator 235 and the clock generator 235 which modulates 

40 the basic clock sent from the quartz oscillator 22 and 
supplies it as the sync clock to the controller 1 . 
[0048] First of all, the characteristic data of the laser 
unit 21 in Fig. 2 above including, for example, the meas- 
ured basic clock counts from the horizontal sync signal 

45 to the print start position, measured basic clock counts 
for the intervals between optical sensors corresponding 
to the faces of the polygon mirror 212, sync clock counts 
from the horizontal sync signal to the print start position, 
first reference basic clock counts and the second refer- 
50 ence basic clock counts between the optical sensors are 
stored to the characteristic storage section 24. Here, the 
sync clock counts from the horizontal sync signal to the 
print start position corresponds to the sync clock counts 
from the receipt of the horizontal sync signal by the con- 
55 troller 1 to the sending of the first image data. 

[0049] The CPU 25 calculates, based on the data 
stored in the characteristic storage section 24, the mod- 
ulation frequency for the sync clock counts from the hor- 
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izontal sync signal to the printstart position and the mod- 
ulation frequency for every period corresponding to the 
second reference basic clock counts and, sends the cor- 
rection data associating them with the frequency 
change timings to the modulation data storage section 

231 as the modulation data. This processing by the CPU 
25 is made only once when the engine 2 is powered on 
(before printing) and the modulation processing for 
printing is made using the modulation data (correction 
data) stored in the modulation data storage section 231 . 
[0050J The modulation control section 232 synchro- 
nizes with the first face of the polygon mirror 21 2 using 
the axis position sensor signal from the laser unit 21 and, 
referring to the horizontal sync signal and the modula- 
tion data, outputs f01 (Hz) shown in Fig. 8 and, synchro- 
nizing with the second face, outputs f02 (Hz) and simi- 
larly outputs f03 (Hz) and f 04 (Hz) to the clock generator 
235. Further, following each of f01 (Hz) to f04 (Hz) 
shown in Fig. 8, f1 (Hz), f2 (Hz), f3 (Hz) ...as shown in 
Fig. 7 are output to the clock generator 235. 

[0051] In this procedure, the timing of the frequency 
change instruction from the modulation control section 

232 to the clock generator 235 is determined with refer- 
ring to the counter 234 or the timer 233. Specifically, im- 
mediately after receiving the horizontal sync signal, the 
sync clock from the horizontal sync signal to the print 
start position (five clock counts in Fig. 8) is modulated 
to f01 (Hz) as shown in Fig. 8. These five clock counts 
are counted by the counter 234. After that, the timer233 
monitors the time corresponding to the second refer- 
ence basic clock counts as shown in Fig. 7 (three locks 
in Fig. 7) and modulates the modulation clock (sync 
clock) from f 1 (Hz) --> f2 (Hz) -> f3 (Hz) in Fig. 7 for 
every elapse of such time. 

[0052] The clock generator 235 outputs, based on the 
basic clock output from the quartz oscillator 22, the clock 
modulated using the modulation frequency specified by 
the modulation control section 232 as the sync clock to 
the controller 1 . 

[0053] The controller 1 is triggered by the horizontal 
sync signal (HSYNC signal) output from the laser unit 
21 and counts the modulated sync clock and outputs the 
image data in synchronization with the sync clock. 
[0054] In the above description, the CPU 25 calcu- 
lates and sets the modulation data (correction data) 
based on the data stored in the characteristic storage 
section 24 when the power is turned on. This can be 
designed differently. Specifically, the characteristic stor- 
age section 24 can be deleted from Fig. 3 and the sep- 
arately calculated modulation data (correction data) can 
be stored directly to the modulation data storage section 
231. In this case, it is necessary to use a non-volatile 
memory for the modulation data storage section 231 . 
[0055] Though the characteristics in this embodiment 
are mainly the characteristics of the laser unit, correction 
data for other characteristics peculiar to the engine can 
be applied. 

[0056] As described above, the present invention en- 



ables supply of the modulation clock to correct errors in 
characteristics peculiar to the engine as the sync clock 
from the engine to the controller. This enables the en- 
gine itself to correct the characteristic errors peculiar to 
5 the individual engine. This has an effect that a print sys- 
tem free from image position shifting even for different 
engine types can be provided. 
[0057] Although the invention has been illustrated and 
described with respect to exemplary embodiment there- 
to of, it should be understood by those skilled in the art that 
the foregoing and various other changes, omissions and 
additions may be made therein and thereto, without de- 
parting from the spirit and scope of the present inven- 
tion. 

15 

Claims 

1. A print system having a print control device (1) to 
20 send the image data in synchronization with the 
sync clock and a print device (2) for print processing 
based on said image data sent from said print con- 
trol device (1) comprising: 

25 means (22) for generating a sync clock for 

sending of said image data on said print device 
(2) by modulation under the characteristic con- 
ditions peculiar to said print device (2); and 
means (25) for adjusting the timing of said im- 

30 age data sending so as to correct the charac- 

teristic errors peculiarto said print device (2) by 
supplying the generated sync clock to said print 
control device (1). 

35 2. A print system having a print control device (1) to 
send the image data in synchronization with the 
sync clock and a print device (2) for print processing 
based on said image data sent from said print con- 
trol device (1) comprising: 

40 

means (21 ) for measuring in advance and store 
the characteristic data peculiarto said print de- 
vice (2) which may affect the print intervals in 
said print processing; 
45 means (25) for calculating the correction data 

for every certain period of time based on said 
characteristic data; 

means (22) for generating the sync clock mod- 
ulated by said correction data for every said 
so certain period of time on said print device (2) 

and supply the same to said print control device 
(1); and 

means (14) in said print control device (1) for 
sending said image data to said print device (2) 
55 synchronizing with the sync clock suppliedf rom 

said print device (2) and thereby adjusting said 
image data to have equal print intervals with 
controlling the send timing of said image data 
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for every said certain period of time. 

3. A print system as set forth in Claim 2 wherein 

said modulation is the frequency modulation 
which makes variable control of the frequency for 
every said certain period of time. 

4. A print system having a print control device (1) to 
send the image data in synchronization with the 
sync clock and a print device (2) for print processing 
based on said image data sent from said print con- 
trol device (1) comprising: 

means (21 ) for measuring in advance and store 
the characteristic data peculiar to said print de- 
vice (2) which may affect the print start position 
of each line and print intervals in said print 
processing; 

means (25) for calculating, based on said char- 
acteristic data, first correction data for the pre- 
determined sync clock counts immediately af- 
ter detection of the horizontal sync signal and 
second correction data for every certain period 
of time after the first correction data; 
means (23) for generating the modulation sync 
clock corresponding to said predetermined 
sync clock counts by said first correction data 
and the modulation sync clock for every said 
certain period of time by said second correction 
data on said print device (2) and supplying the 
same to said print control device (1 ); and 
means (14) in said print control device (1) for 
sending said image data to said print device (2) 
synchronizing with said modulation sync clock 
supplied from said print device (2) and thereby 
controlling the send timing of said image data 
for aligning the print start position of the lines in 
said image data and to adjust the print intervals 
of said image data equal. 

5. A print system as set forth in Claim 4 wherein 

said modulation is the frequency modulation 
which makes variable control of the frequency for 
every said certain clock counts and said certain pe- 
riod of time. 

6. A print system having a print control device (1) to 
send the image data in synchronization with the 
sync clock and a print device (2) for print processing 
based on said image data sent from said print con- 
trol device (1) wherein 

said print device (2) comprising: 

an oscillator (22) to output the basic clock; 
a storage section (24) to store the characteristic 
data of the device; 

a CPU (25) to set the modulation condition 
based on the characteristic data of said storage 



15 



section; and 

a modulation circuit (23) which, upon instruc- 
tion from said CPU (25) for condition of said 
modulation, modulates the basic clock output 
5 from said oscillator (22) and supplies the same 

as said sync clock to said print control device 
(1)and 

said print control device (1) comprising: 

an image data sync circuit (14) which 
10 sends said image data to said print device (2) 

synchronizing with the sync clocksupplied from 
said print device (2). 

7. A print system having a print control device (1) to 
send the image data in synchronization with the 
sync clock and a print device (1 ) for print processing 
based on said image data sent from said print con- 
trol device (1) wherein 

20 said print device (2) comprising: 

a characteristic storage section (24) stor- 
ing in advance the characteristic data pe- 
culiar to said print device which may affect 
25 the print start position of each line and print 

intervals in said print processing; 
a CPU (25) which, based on said charac- 
teristic data, calculates first correction data 
for the predetermined sync clock counts 
30 immediately after detection of the horizon- 

tal sync signal and second correction data 
for every certain period of time after the first 
correction data; 

a modulation data storage section (231) 
35 which receives and stores the first and sec- 

ond correction data calculated by said CPU 
(25); 

an oscillator (22) to output the basic clock; 
a timer (233) to monitor the elapse of said 
40 certain period of time; 

a counter (234) which counts the number 
of sync clock pulses sent from a clock gen- 
erator; 

a modulation control section (232) which, 
45 upon receipt of the horizontal sync signal, 

refers to said first and second correction 
data from said modulation data storage 
section (231), determines the modulation 
timing according to said timer (233) or said 
so counter (234) and specifies the modulation 

frequency to the clock generator for every 
timing of said modulation formodulation in- 
struction; and 

a clock generator (235) which, upon receipt 
55 of modulation instruction from said modu- 

lation control section (232), modulates the 
basic clock sent from said oscillator (22) 
and supplies the same as the sync clock to 
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the image data sync circuit of said print 

control device (1 ) and 

said print control device (1) comprising: 

an image data edit section (11) which 5 
develops the print data received from 
external device into image data; 
a memory (1 2) to store said image da- 
ta; 

a control section (13) which sends the io 
print request signal to said print device 
(2) and instructs a image data sync cir- 
cuit to send said image data stored in 
said memory to said print device (2); 
and 15 
an image data sync circuit (14) which 
sends said image data to said print de- 
vice (2) synchronizing with the sync 
clock supplied from said print device 
(2). 20 



A print device in a print system having a print control 
device (1 ) to send the image data to the print device 
(2) in synchronization with the sync clock and the 
print device (2) for print processing based on said 
image data sent from said print control device (1) 
comprising: 



25 10. 



an oscillator (22) to output the basic clock; 

a storage section (24) to store the characteristic so 

data of the device; 

a CPU (25) to set the modulation condition 
based on the characteristic data in said storage 
section; and 

a modulation circuit (23) which, upon instruc- 35 
tion from said CPU (25) for condition of said 
modulation, modulates the basic clock output 
from said oscillator (22) and supplies the same 
as said sync clock to said print control device 11 
(1). 40 

A print device in a print system having a print control 
device (1 ) to send the image data to the print device 
in synchronization with the sync clock and the print 
device for print processing based on said image da- 45 
ta sent from said print control device (1 ) comprising: 

a characteristic storage section (24) storing in 
advance the characteristic data peculiar to said 
print device which may affect the print start po- so 
sition of each line and print intervals in said print 
processing; 

a CPU (25) which, based on said characteristic 
data, calculates first correction data for the pre- 
determined sync clock counts immediately af- 55 
ter detection of the horizontal sync signal and 
second correction data for every certain period 
of time after the first correction data; 



a modulation data storage section (231) which 
receives and stores the first and second correc- 
tion data calculated by said CPU; 
an oscillator (22) to output the basic clock; 
a timer (233) to monitor the elapse of said cer- 
tain period of time; 

a counter (234) which counts the number of 
sync clock pulses sent from a clock generator; 
a modulation control section (232) which, upon 
receipt of the horizontal sync signal, refers to 
said first and second correction data from said 
modulation data storage section (231), deter- 
mines the modulation timing according to said 
timer (233) or said counter (234) and specifies 
the modulation frequency to a clock generator 
for every timing of said modulation for modula- 
tion instruction; and 

a clock generator (235) which, upon receipt of 
modulation instruction from said modulation 
control section (232), modulates the basic clock 
sent from said oscillator (22) and supplies the 
same as the sync clock to said print control de- 
vice (1). 

An image data sending method used in a print sys- 
tem having a print control device to send the image 
data to a print device in synchronization with the 
sync clock and a print device for print processing 
based on said image data sent from said print con- 
trol device wherein 

the sync clock for sending of said image data 
is modulated by the characteristic condition peculiar 
to said print device and generated by said print de- 
vice and, by supplying the sync clock to said print 
control device, the timing of said image data send- 
ing is corrected using errors in characteristics pe- 
culiar to said print device. 

An image data sending method used in a print sys- 
tem having a print control device to send the image 
data to a print device in synchronization with the 
sync clock and a print device for print processing 
based on said image data sent from said print con- 
trol device wherein 

characteristic data peculiar to said print de- 
vice which may affect the print Intervals in said print 
processing are measured in advance and stored, 
correction data for every certain period of time 
based on said characteristic data is calculated, sync 
clock modulated for every said certain period of time 
according to said correction data is generated by 
said print device and supplied to said print control 
device, and said print control device sends said im- 
age data to said print device synchronizing with the 
sync clock supplied from said print device and 
thereby controls the send timing of said image data 
for every said certain period of time so as to adjust 
said image data to have equal intervals. 
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12. An image data sending method used in a print sys- 
tem as set forth in Claim 11 wherein 

said modulation is the frequency modulation 
which makes variable control of the frequency for 
every said certain period of time. 5 

13. An image data sending method used in a print sys- 
tem having a print control device to send the image 
data to a print device in synchronization with the 
sync clock and a print device for print processing io 
based on said image data sent from said print con- 
trol device wherein 

characteristic data peculiar to said print de- 
vice which may affect the print start position of each 
line and print intervals in said print processing are '5 
measured in advance and stored and, based on 
said characteristic data, first correction data for the 
predetermined sync clock counts immediately after 
detection of the horizontal sync signal and second 
correction data for every certain period of time after 20 
the first correction data are calculated, the modula- 
tion sync clock corresponding to said predeter- 
mined sync clock counts according to said first cor- 
rection data and the modulation sync clock for every 
said certain period of time according to said second 25 
correction data are generated by said print device 
and supplied to said print control device, and said 
print control device sends said image data to said 
print device synchronizing with said modulation 
sync clock supplied from said print device and 30 
thereby controls the send timing of said image data 
so as to align the print start position for each line of 
said image data and adjusts said image data to 
have equal print intervals. 

35 

14. An image data sending method in a print system as 
set forth in Claim 13 wherein 

said modulation is the frequency modulation 
which makes variable control of the frequency for 
every said certain clock counts or said certain peri- *o 
od of time. 



55 



EP 1 130 538 A2 




12 



EP 1 130 538 A2 



FIG. 2 




EP1 130 538 A2 



FIG. 3 



CHARACTERISTIC 
STORAGE SECTION 



24 



MEASUREMENT 
DATA 



CPU 



23 



CONTROLLER 



SYNC 

CLOCK 
+ 



MODULATION 
SECTION 



233 



25 



FREQUENCY 
SETTING DATA 

FREQUENCY 
CHANGE TIMING 



231 



TIMER 



MODUL 
DATA SI 
SEC - 


ATION 

rORAGE 

RON 




2: 

H 



COUNTER 

~~T^ 



MODULATION 
CONTROL 
SECTION 



234 



235 



CLOCK GENERATOR 



BASIC 
CLOCK 



22 



QUARTZ 
OSCILLATOR 



HORIZONTAL SYNC SIGNAL 



21 



LASER UNIT 



AXIS POSITION SENSOR SIGNAL 



14 



EP 1 130 538 A2 



FIG. 4 
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FIG. 5 
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